1. Pyruvate dehydrogenase phosphate phosphatase activity in rat epididymal fat pads was measured by using pig heart pyruvate dehydrogenase [32P]phosphate. About 80% was found to be extramitochondrial and therefore probably not directly concerned with the regulation of pyruvate dehydrogenase activity. The extramitochondrial activity was sensitive to activation by Ca2+, but perhaps less sensitive than the mitochondrial activity. Prior exposure of fat-pads to insulin did not have any appreciable effects on phosphatase activity measured in either whole tissue or mitochondrial extracts. 2. Alloxan-diabetes and starvation (48 h) markedly decreased the proportion of pyruvate dehydrogenase in the active non-phosphorylated form without greatly decreasing the total activity. This decrease is still evident after incubation of fat-pads with insulin in vitro, suggesting that there is some persistent alteration in adipose-tissue metabolism under these conditions that affects interconversion of the two forms of pyruvate dehydrogenase. No evidence for any change in tissue or mitochondrial pyruvate dehydrogenase phosphate phosphatase activity was found. 3. Feeding rats with abalanced diet containing 40 %fat for 6 daysresulted in changes in pyruvate dehydrogenase activity similar to those observed in alloxandiabetes and starvation. However, feeding the diet for 14-26 days resulted in a marked decrease in total activity without appreciable change in the proportion in the active form. This appeared to be an adaptive change restricted to adipose tissue; no changes in total activity were found in muscle, liver and kidney. No parallel decrease in fat-pad mitochondrial pyruvate dehydrogenase phosphate phosphatase activity was found. The possibility that components of the mammalian pyruvate dehydrogenase system are under separate genetic control is discussed.
The activity of the mammalian pyruvate dehydrogenase complex (EC 1.2.4.1) may be regulated by two types of control, i.e. end-product inhibition by high ratios of concentrations of acetyl-CoA/CoA and of NADH/NAD+, which may involve the accumulation of acetyl hydrolipoate (Garland & Randle, 1964; Randle et al., 1966) , and interconversion of the phosphorylated (inactive) and non-phosphorylated (active) forms of the complex (Linn et al., 1969a,b) . Inactivation is catalysed by an ATP-requiring kinase which is strongly bound to the complex; pyruvate dehydrogenase phosphate phosphatase is rather loosely associated with the complex and re-activates the enzyme by removing the covalently bound phosphate (for recent reviews, see Reed, 1974; Denton et al., 1975 epididymal fat-pad is markedly increased after brief (10min) exposure of the tissue to insulin either in vitro or in vivo (Coore et al., 1971; Jungas, 1971; Weiss et al., 1971) . The increase in activity appears to be solely the result of an increase in the proportion of the complex in the active non-phosphorylated form, since the effect of insulin is lost if the extracts are treated with pyruvate dehydrogenase phosphate phosphatase under conditions that allow conversion of all the complex in the inactive form into active form (Weiss et al., 1971; Severson et al., 1974) . The mechanism of activation by insulin is not fully understood, but it does not seem to be primarily due to increased rates of glucose uptake or the inhibition of lipolysis Denton et al., 1975) .
The effects of insulin could involve either activation of phosphatase or inhibition of the kinase or possibly both. The kinase from a number of sources including adipose tissue is inhibited by ADP and pyruvate Cooper et al., 1974; Martin 8 et al, 1972 (Cooper et al., 1974; Kerbey et al., 1976 ), but it is not known to what extent this applies to the adiposetissue kinase. The phosphatase, including that from adipose tissue, requires both Mg2+ (Linn et al., 1969a,b) and Ca2+ Randle etal., 1974; Severson et aL, 1974) for full activity. The effects of insulin persist during the preparation of mitochondria from fat-pads and are still evident after 10-20min incubation of fat-pad mitochondria with respiratory substrates other than pyruvate (] Denton et al., 1975) . This would appear to rule out changes in pyruvate and adenine nucleotides as being important in the effect of insulin, as there is no pyruvate under these conditions and the ATP concentration in mitochondria from both insulin-treated and control tissues is the same. Some evidence has been obtained with inhibitors of Ca2+ transport, which suggests that insulin may act through changes in the mitochondrial CO+ concentration , but efforts to show changes in mitocondrial calcium content directly have not been successful (Severson et al., 1976) . Severson et al. (1974) could find no evidence for any change in the activity of pyruvate dehydrogenase phosphate phosphatase in extracts of adipose tissue previously exposed to insulin, but Mukheijee & Jungas (1975) have presented evidence for a persistent increase in activity in extracts of fat-pads. The reason for this discrepancy is not clear, but it has become apparent from the present studies that only a small fraction of the phosphatase activity present in adipose-tissue extracts is associated with the mitochondrial fraction and therefore directly concerned with the regulation of pyruvate dehydrogenase activity.
In this paper, we present results of investigations focused on the possible long-term regulation of the pyruvate dehydrogenase complex in adipose tissue. Studies have been made on the effects of alloxandiabetes and starvation, which are both conditions associated with marked decreases in plasma insulin concentrations and with greatly decreased rates of fatty acid synthesis from gucose both in vitro and in vivo. We have also studied the effects of fat feeding, which results in gratly decreased rates of fatty acid synthesis but not necessarily in a large diminution in plasma insulin concentrations (Hausberger & Milstein, 1955; Griglio et al., 1969; Saggerson & Greenbaum, 1970; Zaragoza & Felber, 1970; Zaragoza-Hermans & Felber, 1972; Malaisse et al., 1969; D. Stansbie, & R. M. Denton, unpublished work). All three conditions have been shown to result in a marked depression of the activities of many other enzymes involved in fatty acid synthesis in adipose tissue (for recent review see Romsos & Leveille, 1974) .
Starvation for 24-36h has been reported to result in a decreased proportion ofactive pyruvate dehydrogenase in adipose tissue . In the present investigation we confirm this finding and also report that alloxan-diabetes results in a decreased proportion of the complex in its active form in adipose tissue without marked changes in the total amount of the complex, Decreases in the proportion of active pyruvate dehydrogenase in alloxan-diabetes have been demonstrated in heart and kidney Kerbey et al., 1976) . The decreases in adipose tissue in both starvation and alloxandiabetes do not appear to be directly linked to the low insulin concentrations, since we have found in the present study that the decreases persist after prolonged incubation in vitro in the presence or the absence of insulin. No evidence was found for any decrease in pyruvate dehydrogenase phosphate phosphatase activity in alloxan-diabetes.
The effects of feeding a diet containing about 40 % by weight of fat for 6 days were changes in the proportion of pyruvate dehydrogenase in its active form rather si'milar to those of alloxan-diabetes and of starvation. However, feeding this high-fat diet for 14-26 days resulted in a marked decrease in the total activity of pyruvate dehydrogenase and little change in the proportion of the enzyme in its active form. Pyruvate dehydrogenase phosphate phosphatase activity appeared not to be decreased in the mitochondria of fat-pads under these conditions.
Experimental Materials
Rats. Epididymal fat-pads were obtained from male albino Wistar rats (150-210g, 6-7 weeks old) allowed free access to either a stock laboratory diet (modified 41B; Oxoid, London S.E.1, U.K.) or to a diet based on the stock diet but including 40% (w/w) ofsuet (Atora, Hugon and Co., Greatham Acetyl-CoA and arylamine acetyltransferase were prepared as described by Coore et al. (1971) . Pyruvate dehydrogenase phosphate phosphatase was prepared from pig heart as described by Severson et al. (1974) . Pig heart pyruvate dehydrogenase free of phosphatase activity was prepared by a modification of the method of Linn et al. (1972) as described by Cooper et al. (1974) , and converted into pyruvate dehydrogenase [32P]phosphate as described by Denton et al. (1972) .
Media. Fat-pads were incubated in bicarbonatebuffered medium (Krebs & Henseleit, 1932) containing one-half the recommended CaCI2 concentration and gassed with 02+CO2 (95:5). Isolated fatcells were prepared by collagenase digestion as described by Severson et al. (1976) .
Methods
Assay of enzyme activities in extracts offat-pads, liver, kidney, heart and skeletal muscle. After onset of Nembutal anaesthesia, fat-pads and liver pieces were rapidly removed and frozen in liquid N2 and extracted at 0°C with 100mM-potassium phosphate buffer, 2mM-EDTA (pH7.0) containing either 5mM-2-mercaptoethanol or 1 mm-dithiothreitol in a Polytron PT1O tissue homogenizer (position 5) for 30s. Kidney was frozen in liquid N2, and heart and psoas were freeze-clamped at the temperature of liquid N2 and extracted at 0°C with 100mM-potassium phosphate buffer, 5mM-EDTA, 10mM-sodium pyruvate, 1 mM-dithiothreitol (pH 7.0) with a Polytron PTIO tissue homogenizer as described above. Tissue extracts were centrifuged for 15s in a Quickfit micro-centrifuge before assay of the enzyme activities. Initial pyruvate dehydrogenase and glutamate dehydrogenase (EC 1.4.1.2) were assayed in extracts by the methods described by Martin et al. (1972) . It is assumed that the rapid removal and prompt freezing of tissues from anaesthetized animals followed by extraction in a buffer containing EDTA assures that the initial pyruvaterdehydrogenase activity in the extracts accurately reflects the proportion of active form in the tissue in vivo. Total pyruvate dehydrogenase activity was assayed after incubation of extract with pig heart pyruvate dehydrogenase phosphate phosphatase (0.5 unit/mIl), 25mM-MgCI2 and 1-2tnM-CaCI2 for 10min at 30°C. Citrate synthase (EC 4.1.3.7) was assayed by the method of Coore et aL (1971) . Total acetyl-CoA carboxylase (EC 6.4.1.2) activity was assayed after a 30min inVol. 154 cubation at 30°C in the presence of 20mM-magnesium citrate, by the method of Halestrap & Denton (1973) . NADP+-malate dehydrogenase (EC 1.1.1.40) was assayed in 2ml of 100mM-triethanolamine buffer containing 2mM-MgCl2, 0.5mm-sodium malate and 20/m-NADP+, pH7.4. All enzyme assays were conducted at 30°C.
Pyruvate dehydrogenase phosphate phosphatase activity in tissue extracts was assayed as the release of [32Plphosphati from pig heart pyruvate dehydrognase [32P]phosphate (Denton et a!., 19172) . Details were as given by Severson et al. (1974) , except that frozen samples of fat-pads and of fat-cells were extracted by using the Polytron PT`20 homogenizer with 20mm-potassium phosphate buffer, pH7.0, containing 2mM-EDTA and 1 mm-dithiothreitol. After centrifugation, 101 samples were used for the assay of phosphatase activity in a total volume of 20jul in either the absence or the presence of Ca2+.
Final concentrations present in the assay were as follows: potassium phosphate (20mM); MgCI2 (25 mM); 2-mercaptoethanol (2.5mM); dithiothreitol (0.5mm); pyruvate dehydrogenase [32P]phosphate
(1 nmol of protein-bound phosphate/ml); EOTA* (10 mM) and either 0 or 9.75mM-CaCI2, giving approx. 8.2mM-Mg2+ and either 0 or 7.2M-Ca2+.
Assay of enzyme activities in fat-pad and fat-cell mitochondrial fractions. Mitochondrial fractions were prepared as described by Severson et al. (1976) , except that dinonyl phthalate was not used to separate the fat-pads and the fat-cells from the incubation medium and Ruthenium Red was not added to the sucrose-based extraction medium.
Extracts were prepared by freezing and thawing pellets (about 0.5mg of mitochondrial protein) in 2500A of 20mM-potassium phosphate buffer, pH7.0, containing 2-mercaptoethanol (5mM) and EDTA (2mm). Initial and total activity of pyruvate dehydrogenase and the activities of glutamate dehydrogenase, citrate synthase and pyruvate dehydrogenase phosphate phosphatase were assayed in appropriate samples ofthe extracts by the methods given above.
DNA assay. Powdered frozen fat-pad (300mg wet wt.) was extracted with 3 ml of 5 % (w/v) HCI04 [14C]glucose. Glucose, pyruvate, lactate and glycerol were measured spectrophotometrically in neutralized HC104 extracts of incubation medium as described by Coore et al. (1971) . The rate of conversion of [14C]glucose into glyceride glycerol and fatty acids in epididymal fat-pads was determined as described by Denton & Randle (1967) . The rate of conversion into CO2 was measured by collecting 14CO2 into 0.5ml of 50% (v/v) 2-phenethylamine in methanol, and 14C was assayed after the addition of 5ml of toluene/ methoxyethanol-based scintillator .
Expression of results. A unit of enzyme activity catalyses the disappearance of substrate at a rate of 1,umol/min at 30°C. For pyruvate dehydrogenase phosphate phosphatase, units were calculated in terms of pmol of Pi released/min.
Results
Effects of starvation and alloxan-diabetes on the pyruvate dehydrogenase activity of rat epididymal fat-pad Starvation for 48h resulted in an 80 % decrease in the proportion of pyruvate dehydrogenase present in its active form, but the total activity was only slightly decreased (Table 1) . Wieland et al. (1973) found that 24h starvation resulted in a 50% decrease in the active form without appreciable effect on the total activity. Alloxan-diabetes resulted in very similar changes as starvation for 48h (Table 1) . The expression of measurements of enzyme activities presents particular problems in adipose tissue because of the large and variable triglyceride content. In Table 1 , the results have been expressed in a wide variety of ways: in terms of tissue wet weight, tissue DNA concentration, tissue protein concentration, per fat-pad pair and as an activity ratio with glutamate dehydrogenase. Similar conclusions on the effects of starvation and alloxan-diabetes on pyruvate dehydrogenase can be drawn no matter which means of expression of results is chosen.
The total pyruvate dehydrogenase activity of fatpad extracts varies quite considerably from batch to batch of animals no matter how results are expressed. Some variations in age, weight and feeding patterns of animals may be responsible; in all experiments particular care has been taken that the control and experimental animals were carefully matched for age and weight at the beginning of the experiments. Table 2 shows the results of experiments in which fat-pads from normal, starved and alloxan-diabetic rats were incubated in vitro with fructose in the presence and the absence of insulin. In fat-pads from control animals, insulin increased the proportion of pyruvate dehydrogenase in its active form from about 37 to 68 % of the total activity. This closely agrees with findings in previous studies . After incubation of fat-pads from starved or alloxan-diabetic rats in the absence of insulin, the proportion of pyruvate dehydrogenase in its active form was 16-18% (i.e. much the same as in vivo; Table 1 ) or about one-half the percentage in the active form in control tissue incubated under the same conditions. Incubation in the presence of insulin increased the proportion to about 37 and 45 % respectively for fat-pads from starved and alloxandiabetic rats. The pyruvate dehydrogenase system is still clearly able to respond to the presence of insulin in the tissue. However, these proportions in the active form were less than that present (nearly 70 %) in tissue Table 1 . Effects of 48h starvation and alloxan-diabetes on the activity ofpyruvate dehydrogenase in rat epididymalfat-pads Rats were anaesthetized with Nembutal (100mg/kg). Epididymal fat-pads (three or four per observation) were rapidly removed and frozen in liquid N2 and extracts assayed for initial and total pyruvate dehydrogenase as described in the Experimental section. Diabetes was induced by a single injection of alloxan (60mg/kg) 48h before use; starved animals were deprived offood but not water for 48h before use. Results are given as means+s.E.M. of the numbers of observations in parentheses.
Pyruvate dehydrogenase (Krebs & Henseleit, 1932) containing fructose (2mg/ml) for 30min at 37°C. This was followed by incubation in fresh medium containing fructose (2mg/ml) with or without insulin (l0munits/ml) for 60min. Fat-pads were removed, lightly blotted and frozen in liquid N2 before extraction as described in the Experimental section. Pyruvate dehydrogenase assays and the treatment of alloxan-diabetic and starved animals were as given in the legend to from control animals incubated in the presence of insulin. There was some alteration in the tissues from alloxan-diabetic and starved tissues, which resulted in a lowering in pyruvate dehydrogenase activity which persisted after 1 h incubation in the presence of insulin. In agreement with studies of fat-pads from normal rats (Weiss et al., 1971; Severson et al., 1974) , the total activity of pyruvate dehydrogenase was not altered after incubation with insulin in fat-pads from normal, starved or alloxan-diabetic rats.
Effects offeeding a high-fat diet on pyruvate dehydrogenase activity ofrat epididymalfat-pad Table 3 gives the results of experiments in which rats were allowed free access for 6, 14 and 22 days to a diet in which, by the addition of beef suet, the fat content was increased from about 3 to 40% by wt. In each group animals matched for age and weight were killed 20-22 days after weaning. Those animals receiving the diet for 22 days were weaned on to the high-fat diet and gained weight at the same rate as the control animals. The fat-pad weights of this group were appreciably larger than those of the control animals. Zaragoza & Felber (1970) and Griglio et al. (1969) , using high-fat diets with much less carbohydrate, have observed similar increases. Animals receiving the high-fat diet for 6 or 14 days tended not to reach the same weight as their controls at the time of death; this may be attributed in part to an initial reluctance of the rats to accept fully a new dietary regime.
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The initial activity of pyruvate dehydrogenase was greatly decreased in the fat-pads of the animals on the high-fat diet for 6, 14 and 22 days. In the fat-pads of animals on the diet for 6 days the decrease could largely be attributed to a lowering of the proportion of pyruvate dehydrogenase in its active form. In contrast, the decrease ofactivity in fat-pads ofanimals on the diet for 14 and 22 days was the result of a marked decrease of the total activity of pyruvate dehydrogenase. The proportion of enzyme in the active form was not appreciably different from that in controls. The total activity of pyruvate dehydrogenase was significantly decreased by 60-80% if results were expressed as an activity ratio with glutamate dehydrogenase or on a fat-pad DNA or protein basis or as activity per fat-pad pair. No evidence was found from mixing experiments for the presence of any substance in extracts offat-pads from fat-fed rats which inhibited pyruvate dehydrogenase activity in extracts of fat-pads from control animals.
Other experiments indicated that the administration of a diet containing about 10% beef suet for 20 days from weaning resulted in a smaller but still significant decrease of total pyruvate dehydrogenase activity from 311±44 to 166±47 munits/g wet wt. of tissue (mean±S.E.M. for four observations). It was also found that the administration of the normal diet for 4 days to rats previously fed on the 40%-suet diet for 20 days increased the total pyruvate dehydrogenase activity from 42.8±7.7 to 202±12.8 munits/g wet wt. of tissue (mean±S.E.M. for five observations).
The high-fat diet fed for 20-23 days also resulted in (Tables 3   and 4 ). Both these latter enzymes are, like pyruvate dehydrogenase, mitochondrial enzymes. Table 5 summarizes the effects of the high-fat diet on glucose metabolism and pyruvate dehydrogenase actiVity in fat-pads incubated In vitro in-the presence and the absence of insulin. The most marked change in glucose metabolism with fat feeding was a decrease in the rate of fatty acid synthesis and in the associated CO2 formation especially in the presence of insulin (Table Sa) . The rates of synthesis ofglyceride glycerol and the output of lactate plus pyruvate were not greatly changed. In fact, in fat-pads from fat-fed rats incubated with insulin the output of lactate and pyruv4te approached the rate of fatty acid synthesis and accounts for some 20% of the total glucose metabolism; in fat-pads from control animals the output was about 10% of the rate of fatty acid synthesis and accounted for only about 5 % of the total glucose metabolism. This relative diversion ofglucose carbon to lactate and pyruvate and away from fatty acid synthesis is consistent with the inhibition of pyruvate metabolism at pyruvate dehydrogenase. Insulin increased the rate of conversion of glucose into fatty acids, C02, glyceride glycerol, lactate and pyruvate and decreased glycerol output in fat-pads from fat-fed rats, but the effects on a percentage basis tended to be less than in fat-pads from control aials.
Insulin increased the proportion of pyruvate dehydrogenase in its active form in fat-pads from the rats fed on the high-fat diet; the total activity of pyruvate dehydrogenase was again markedly less than in the control tissues (Table 5b ). (Table 6 ). In heart and psoas, the proportion of pyruvate dehydrogenase in the active form was decreased. This may reflect the increased availability of lipid fuels in the fat-fed group. Decreased rates of oxidation of pyruvate in diaphragms from fat-fed rats has been shown by Bringolf et al. (1972 (Tables 7 and 8 ). The amount of fat-pad pyruvate dehydrogenase phosphate present in the assays varied, but was always less than 10% of the added labelled substrate and has been neglected in all the calculations. Assays were conducted with saturating concentrations of Mg2+ and either with near-zero Ca2+ (lOms-EGTA) Vol. 154 or about 7.2oM-Ca2+ (obtained by using an EGTA/ Ca2+ buffer). Measurements have been made both in extracts of fat-pads and fat-pad mitochondria, since it became clear that the phosphatase activity as a ratio to the total activity of pyruvate dehydrogenase or glutamate dehydrogenase was much greater in extracts of fat-pads than in extracts of mitochondria prepared from the fat-pads (Table 8) . Mixing experiments revealed no inhibitory substance in mitochondrial extracts; rather it appeared that about 80% of the phosphatase activity in whole tissue extracts was extramitochondrial. This was confirmed by fractionation of isolated fat-cells into mitochondrial and supernatant fractions (Martin & Denton, 1970; Severson et al., 1976) . Over -80%Y. of the phosphatase activity was found in the supernatant fraction that contained no detectable pyruvate dehydrogenase activity and less than 10 and 20% of the cell content of citrate synthase and glutamate dehydrogenase respectively. Phosphatase activity in the supernatant fraction was activated by Ca2+ but to a lesser extent than the activity extracted from fat-cell mitochondria. The calcium sensitivity of phosphatase measured in whole-tissue extracts of fat-pads also tended to be less than the sensitivity of phosphatase in mitochondrial extracts (Tables 7 and 8) .
Exposure of fat-pads from normal animals to Table 6 . Effects offeeding the high-fat diet on the initialand totalactivities ofpyruvate dehydrogenase in rat epididymalfat-pads, heart, psoas muscle, kidney and liver The details of the animals were as given in the legend to Table 5 . In one series of experiments after Nembutal anaesthesia fat-pads were first removed and rapidly frozen in liquid N2, then immediately the heart and a sample of psoas muscle were excised and freeze-clamped at the temperature of liquid N2. In the other series of experiments after anaesthesia either a kidney or a piece of liver (1 g) was removed and immediately frozen in liquid N2. Extraction of tissue and assay of enzymes were as given in the Experimental section. Results Rat heart muscle may also contain some extramitochondrial pyruvate dehydrogenase phosphate phosphatase activity, but the activity probably accounts for less than 30% of the total tissue activity (Kerbey et aL, 1976) . It seems unlikely that the extramitochondrial activity in adipose tissue is directly concerned with the regulation ofpyruvate dehydrogenase activity, since previous studies indicate that the whole pyruvate dehydrogenase system, including phosphatase sensitive to Mg2+ and Ca2+, is located within the inner mitochondrial membrane Denton et al., 1975 (Sica & Cuatrecasas, 1973; Severson et al., 1974; Mukherjee & Jungas, 1975) have little relevance to the regulation of pyruvate dehydrogenase. Nevertheless, no evidence for any persistent effect ofinsulin on pyruvate dehydrogenase phosphate phosphatase activity in mitochondrial fracti was found in this study. This of course does not rule oiut the possibility of insulin acting through increasing phosphatase activity by a mechanism such as a change in concentration of an effector, which would not necessarily persist in extracts.
Effects ofstarvation and alloxan-diabetes
The pyruvate dehydrogenase activity is markedly diminished in fat-pads of starved and alloxandiabetic rats. The decreases are very largely the result of a decrease in the proportion of the enzyme in its active, non-phosphorylated form and little evidence was found for any change in total activity. Similar changes are observed in fat-pads of normal animals injected with anti-insulin serum (Coore et al., 1971 ; D. Stansbie & R. M. Denton, unpublished work), so it could be argued that the effects of starvation and alloxan-diabetes on adipose-tissue pyruvate dehydrogenase activity are the direct result of the low plasmna insulin concentrations under these conditions. However, the effocts of starvation and alloxandiabetes persist in fat-pads incubated in vitro with insulin, suggesting that there is some alteration in these tissues which affects pyruvate dehydrogenase activity and which is not corrected by incubation with insulin in vitro. One possible mechanism would be a decrease in the concentration of pyruvate dehydrogenase phosphate phosphatase (brought about by a decrease in rate of its synthesis or increase in its breakdown), but no evidence for any decrease in activity in alloxan-diabetes was found. Pyruvate dehydrogenase kinase activity is inhibited by pyruvate and incubation of fat-cell or heart mitochondria with pyruvate leads to a progressive increase in the pyruvate dehydrogenase activity Cooper et al., 1974) . It has been shown that pyruvate dehydrogenase activity -in mitochondria prepared from hearts of alloxan-diabetic rats is relatively insensitive to activation by pyruvato (Kerbey et al., 1976) , and this finding has been extended to mitochondria from fat-pads (B. J. Bridges, R. M. Denton & P. J. Randle, unpublished work). It seems likely that increases in fatty acid mobilization and oxidation are important in the changes in pyruvate oxidation and pyruvate dehydrogenase activity in heart and kidney in starvation and alloxan-diabetes (Randle et al., 1966; Wieland et aL., 1973; Patzelt et al., 1973) and that changes in the activity of pyruvate dehydrogenase kinase brought about by alterations in the mitochondrial acetyl-CoA/CoA and NADH/NAD+ concentration ratios may be involved (Kerbey et al., 1976) .
Effects offeeding a high-fat diet After 6-26 days of feeding with a diet containing about 40% fat, the initial activity of pyruvate dehydrogenase in rat epididymal fat-pads was very greatly decreased. After 6 days the decrease was largely the result of a diminution in the proportion of enzyme in the active form This would also explain the fact that the ratio of pyruvate dehydrogenase phosphate phosphatase activity/total pyruvate dehydrogenase activity is considerably less in fat-pad mitochondria than in rat heart mitochondria (Kerbey et al., 1976) . The total activity of pyruvate dehydrogenase in mammary gland has also been shown to undergo adaptive changes on lactation (Coore & Field, 1975) 
